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The results of a search for direct production of the f1(1285) resonance in e
+e− an-
nihilation are presented. The analysis is based on data with an integrated luminosity
of 15.1 pb−1 accumulated in the experiment with the SND detector at the VEPP-
2000 e+e− collider in the center-of-mass energy range 1.2 − 1.4 GeV. Two e+e− →
f1(1285) candidate events are found at the peak of the resonance and zero events
beyond the resonance. The significance of the e+e− → f1(1285) signal is 2.7σ. The
cross section at the maximum of the resonance is found to be σ(e+e− → f1) = 54+32−23
pb. The corresponding branching fraction B(f1(1285) → e+e−) = (6.1+3.6−2.6)× 10−9.
We consider this result as a first indication of the process e+e− → f1(1285). The
measured branching fraction is consistent with the theoretical prediction.
I. INTRODUCTION
The dominant mechanism of hadron production in e+e− collisions is single-photon an-
nihilation. Annihilation through two photons is suppressed by a factor of α2, where α is
the fine structure constant. The only observed process of the two-photon annihilation into
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2hadrons in e+e− collisions is the production of two vector mesons, ρ0ρ0 and ρ0φ, in the
BABAR experiment [1]. Experiments on the search for production of a single C-even reso-
nance began more than 30 years ago at the VEPP-2M e+e− collider with the ND detector[2].
In these experiments, the first upper limits were set on the probabilities of the inverse re-
actions, decays η′, f0(975), f2(1270), f0(1300), a0(980), and a2(1320) to e+e− pairs. In
recent experiments at the colliders VEPP-2M [2, 3], VEPP-2000 [4, 5] and BEPCII [6], this
inverse-reaction technique was used to set the best upper limits on the electron widths of
the resonances listed above, as well as η and X(3872). The existing upper limit on the decay
f2(1270)→ e+e− is close to theoretical predictions.
In this paper, we search for the process e+e− → f1(1285), the diagram for which is shown
in Fig. 1. Axial-vector resonances do not decay into two photons, but may nevertheless
be produced in e+e− annihilation, through virtual photons. Theoretically, the f1(1285) →
e+e− decay, as well as the e+e− → f1(1285) process, are discussed in Ref. [7] within the
framework of the vector-meson-dominance model. The prediction for the branching fraction
B(f1 → e+e−) depends on the relative phase between two coupling constants describing the
f1(1285) → ργ decay, and varies in the range (3 − 8) × 10−9. The corresponding f1(1285)
production cross section is calculated to be σ(e+e− → f1) = (12pi/m2f1)B(f1 → e+e−) =
27 − 71 pb. The main decay modes of the f1 meson are pi+pi−pi0pi0, pi+pi−pi+pi−, ηpi+pi−,
and ηpi0pi0 [8]. The first three of these final states are also produced in the single-photon
annihilation and have cross sections at
√
s = mf1 by two or three orders of magnitude
higher than the prediction for σ(e+e− → f1). Therefore, the viable mode for searching for
the process e+e− → f1(1285) is f1 → ηpi0pi0 with the branching fraction (17.3± 0.7)%.
FIG. 1: The diagram for the process e+e− → f1.
The search for the direct production of the f1(1285) meson in e
+e− collisions is performed
3in the experiment with the SND detector at the VEPP-2000 collider [9].
II. DETECTOR AND EXPERIMENT
We analyze data with an integral luminosity of 15.1 pb−1, recorded in 2010–2012 and
2017 in the center-of-mass energy region
√
s = 1.2− 1.4 MeV at 12 energy points.
A detailed description of the SND detector can be found elsewhere [10]. This is a
nonmagnetic detector, the main part of which is a three-layer spherical electromagnetic
calorimeter based on NaI (Tl) crystals. The calorimeter covers about 95% of the solid
angle and has an energy resolution for photons of σE/E = 4.2%/
4
√
E(GeV), and an angular
resolution of 1.5◦. The directions of charged particles are measured in a tracking system
consisting of a nine-layer drift chamber and a proportional chamber with cathode-strip
readout. The solid angle covered by the tracking system is 94% of 4pi. The calorimeter is
surrounded by a muon system.
The search for the process e+e− → f1(1285) is performed in the channel f1(1285)→ ηpi0pi0
with the subsequent decays η → γγ and pi0 → γγ. Since the final state for the process under
study does not contain charged particles, the process without charged particles e+e− → γγ
is used for normalization. As a result of this normalization, the systematic uncertainties
associated with event selection in the hardware trigger cancel, as well as the uncertainties due
to beam-generated spurious charged tracks. The accuracy of the luminosity measurement
using e+e− → γγ events is 2.2% [11]. The distribution of the integrated luminosity over 12
energy points is given in Table II. About 30% of the analyzed data sample is collected near
the f1(1285) maximum at
√
s = 1.280 and 1.282 GeV.
According to the Particle Data Group (PDG) table [8], the dominant intermediate state in
the f1(1285)→ ηpipi decay is a0pi. Its fraction is (73±8)%. The process e+e− → f1(1285)→
a00pi
0 → ηpi0pi0 is modeled using the formulas from Ref. [7]. For the remaining 27% of the
f1(1285)→ ηpipi decay, a model with the f0(500)η intermediate state is used.
Events generators for the background processes e+e− → ωpi0 → 2pi0γ, e+e− → ωpi0pi0 →
3pi0γ, and e+e− → ηγ → 3pi0γ include radiative corrections [12], in particular, the emission of
an additional photon from the initial state [13]. The Born cross sections used in simulation
are taken from Ref. [11] for e+e− → ωpi0, Refs. [14, 15] for e+e− → ωpipi, and Refs. [16,
17] for e+e− → ηγ. In the process e+e− → ωpi0, an additional photon appears either
4because of initial state radiation, or because of splitting of electromagnetic showers, or
because of superimposing beam-generated background. To simulate the latter effect, special
background events are used, which were recorded during experiment with a random trigger.
These events are superimposed on the simulated events.
III. EVENT SELECTION
To search for the process e+e− → f1(1285)→ ηpi0pi0, events with exactly six reconstructed
photons and no tracks in the tracking system are selected. Photons are clusters in the
calorimeter with the energy deposition greater than 20 MeV. The total energy deposition
in the calorimeter Etot and the total event momentum Ptot calculated using the energy
depositions in the calorimeter crystals must satisfy the conditions
0.7 < Etot/
√
s < 1.2, Ptot/
√
s < 0.3, (Etot − Ptot)/
√
s > 0.7. (1)
To suppress cosmic-ray background, no signal in the muon system is required.
For selected events, a kinematic fit is performed in the hypothesis e+e− → ηpi0pi0 → 6γ.
The condition on the χ2 of the kinematic fit, χ2ηpipi < 35, is applied. The distribution of this
parameter for the simulated signal events is shown in Fig. 2 (left). The distribution of 90
selected data events over the 12 energy points is shown in Fig. 2 (right).
Background events passing the selection criteria come from the processes e+e− → ωpi0,
e+e− → ωpi0pi0, and e+e− → ηγ. The number of background events estimated from simula-
tion is 86± 1, about 90% of which are from the process e+e− → ωpi0. The expected number
of signal events for σ(e+e− → f1) = 50 pb is 4.7. The calculated distributions of background
and signal events over the 12 energy points are shown in Fig. 2 (right). It is seen that the
data and simulated background distributions are in good agreement. At this stage of the
selection, the background is too large to observe the signal of the f1(1285) decay.
Since the main background comes from the process e+e− → ωpi0 → pi0pi0γ, the kinematic
fit in the hypothesis e+e− → pi0pi0γ is also performed. During the fit, all possible five-photon
combinations are tested. Events containing a combination with χ2pipiγ < 60 are rejected. The
χ2pipiγ distributions for simulated signal and background e
+e− → ωpi0 events are shown in
Fig. 3 (left).
To calculate other two parameters helpful for background suppression, we use the energies
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FIG. 2: Left panel: The χ2ηpipi distribution for simulated e
+e− → ηpi0pi0 events. The arrow indicates
the boundary of the condition χ2ηpipi < 35. Right panel: The distribution of 90 data events selected
by the condition χ2ηpipi < 35 over the 12 energy points (points with error bars). The open histogram
is the expected distribution for background events. The shaded histogram represents the expected
signal distribution for σ(e+e− → f1) = 50 pb.
and angles of photons after the kinematic fit to the e+e− → 6γ hypothesis. Figure 3 (right)
shows the distribution of the normalized energy of the most energetic photon in an event
2Eγ,max/
√
s for simulated signal and background e+e− → ηγ(γ) events. The condition
2Eγ,max/
√
s < 0.78 reduces the small but poorly known background from the e+e− → ηγ(γ)
process by a factor of about 10.
Most of the e+e− → ωpi0(γ) events remaining after applying the condition χ2pipiγ > 60
contain an additional photon emitted from the initial state at a large angle. To suppress
this background, the requirement of the absence of a ω-meson candidate in an event is
used. The ω candidate is defined as a combination of three photons, one of which is the
most energetic photon in the event, and the other two must have an invariant mass in the
range |M2γ −Mpi0| < 35 . If there are several ω candidates in an event, one with the lowest
|M3γ−Mω| value is chosen. The distribution of the invariant mass of the ω candidate (Mpiγ)
for simulated signal and background e+e− → ωpi0(γ) events is shown in Fig. 4. Events, for
which Mpiγ > 720 MeV, are rejected. This condition also suppresses the background from
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FIG. 3: Left panel: The distribution of the parameter χ2pipiγ for simulated events of the processes
e+e− → ωpi0(γ) (solid histogram) and e+e− → f1 → ηpi0pi0 (dashed histogram). The arrow
indicates the boundary of the condition χ2pipiγ > 60. Right panel: The distribution of the normalized
energy of the most energetic photon in an event for simulated events of the processes e+e− → ηpi0pi0
(open histogram) and e+e− → ηγ(γ) (shaded histogram). The arrow indicates the boundary of
the condition 2Eγ,max/
√
s < 0.78.
TABLE I: The effect of the selection criteria applied successively on data events (Ndata), estimated
background (Nbkg), and signal calculated for σ(e
+e− → f1) = 50 pb (Nsig).
Selection conditions Ndata Nbkg Nsig
χ2ηpipi < 35 90 86 4.7
+ χ2pi0pi0γ < 60 13 15.5 3.7
+ 2Eγ,max/
√
s < 0.78 10 9.4 3.3
+ Mpiγ < 720 MeV 2 1.1 1.9
the process e+e− → ωpi0pi0 by a factor of about 10.
The effect of the selection criteria applied successively on data events, estimated back-
ground and signal calculated for σ(e+e− → f1) = 50 pb is demonstrated in Table I.
Finally, two events are selected in data. Their distribution over the 12 energy points in
comparison with the simulated background distribution is given in Table II.
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FIG. 4: The distribution of the invariant mass of the ω meson candidate for simulated events
of the processes e+e− → ηpi0pi0 (open histogram) and e+e− → ωpi0(γ) (shaded histogram). The
arrow indicates the boundary of the condition Mpiγ > 720 MeV.
TABLE II: The center-of-mass energy (
√
s), integrated luminosity (L), number selected data
events (N), number of background events (Nbkg) calculated using simulation with the statistical
error.
√
s (GeV) L (nb−1) N Nbkg
√
s (GeV) L (nb−1) N Nbkg
1.200 1185 0 0.054± 0.010 1.300 2220 0 0.108± 0.021
1.225 577 0 0.028± 0.005 1.325 559 0 0.037± 0.007
1.250 467 0 0.025± 0.005 1.350 1945 0 0.124± 0.022
1.275 516 0 0.022± 0.005 1.360 826 0 0.080± 0.012
1.280 740 0 0.045± 0.008 1.375 612 0 0.057± 0.008
1.282 3451 2 0.252± 0.044 1.400 2024 0 0.275± 0.032
IV. CROSS SECTION FOR e+e− → f1(1285) AND f1(1285)→ e+e−
BRANCHING FRACTION
It can be seen from Table II that the two selected data events are located at the energy
point corresponding to the maximum f1(1282) resonance, where the calculated background
8is 0.25 events. It should be noted that after applying the strict selection criteria described
above, we cannot give any reliable estimate of the accuracy of the absolute background
level. However, since the background comes from the processes with the known energy
dependences, we expect that the simulation reproduces quite well the relative background
distribution over the energy points.
The distribution of data events listed in Table II is fitted with a sum of signal and
background distributions:
N thi = εσvis(
√
si)Li +Nbkg,iRbkg (2)
where ε is the detection efficiency for the process e+e− → f1(1285), Li is the integrated
luminosity in the point with energy
√
si, σvis is the e
+e− → f1(1285) visible cross section,
Nbkg,i is the background distribution given in Table II. The absolute background level is
determined from the fit. To do this, Nbkg,i is multiplied by a scale factor Rbkg treated as a
free fit parameter.
The visible cross section is calculated as follows:
σvis(
√
s) =
∫ xmax
0
W (s, x)σB(
√
s(1− x))dx, (3)
where W (s, x) is the so-called radiator function, which describes the probability density for
emission of photons with the total energy x
√
s/2 from the initial state [12]. The Born cross
section is parametrized as follows:
σB(
√
s) = σ(e+e− → f1)
m2f1Γ
2
(s−m2f1)2 +m2f1Γ2
m3f1P (s)
3
s3/2P (m2f1)
3
. (4)
where the cross section at the resonance maximum σ(e+e− → f1) = (12pi/m2f1)B(f1 →
e+e−). In Eq. (4) we assume that f1 → ηpi0pi0 decay proceeds through the intermediate
state a0(980)pi
0. Therefore, P (s) is the a0(980) momentum. The radiation corrections
reduce the visible cross section at the resonance maximum by 20% compared with the Born
cross section.
The detection efficiency for e+e− → ηpi0pi0 events with the a00(980)pi0 intermediate state
calculated using simulation is 4.9%. For the f0(500)η mechanism, the efficiency is 25%
lower. Assuming that f1(1285) decay to the ηpi
0pi0 final state proceeds through these two
mechanisms, and the fraction of a00(980)pi
0 is (73±8)%, we obtain that the detection efficiency
is equal to (4.6 ± 0.3)%. The quoted model error is estimated as a difference between
9the efficiencies calculated in the models a00(980)pi
0 and a00(980)pi
0 + f0(500)η. A detailed
study of the systematic uncertainty associated with the selection of multiphoton events
based on the kinematic fit was performed in Ref. [11] using e+e− → pi0pi0γ events. We
estimate that the systematic uncertainty on the detection efficiency due to inaccuracy in
simulation of the detector response does not exceed 5%. Taking into account the branching
fraction B(f1(1285) → ηpi0pi0) = (17.3 ± 0.7)%, the detection efficiency in Eq. (2) is ε =
(0.79± 0.08)%, where the error includes all the uncertainties discussed above.
As a result of the fit to the distribution of data events listed in Table II, the following
value of the cross section at the resonance maximum is obtained
σ(e+e− → f1) = 54+32−23 pb. (5)
The fitted value of the background scale factor Rbkg is 0
+0.4. The significance of the e+e− →
f1(1285) signal estimated by comparing the log-likelihood values for the fits with and without
the resonance is found to be 2.7σ. We consider our result as a first indication of the process
e+e− → f1(1285).
The obtained value of σ(e+e− → f1) corresponds to the branching fraction
B(f1(1285)→ e+e−) = (6.1+3.6−2.6)× 10−9, (6)
which is in agreement with the theoretical prediction [7] B(f1(1285) → e+e−) = (3 − 8) ×
10−9.
V. SUMMARY
The search for the direct production of the f1(1285) resonance in e
+e− collisions is per-
formed using the data sample with an integrated luminosity of 15.1 pb−1 recorded in the
SND experiment at the VEPP-2000 e+e− collider in the energy region
√
s = 1.2− 1.4 GeV.
About 3.5 pb−1 were collected at the maximum of the f1(1285) resonance. To search for the
process e+e− → f1(1285), the decay mode f1(1285)→ ηpi0pi0 has been used. After applying
the selection criteria, two events have been observed at the peak of the f1(1285) resonance
and zero events beyond the resonance. These two events correspond to the cross section
σ(e+e− → f1) = 54+32−23 pb and the branching fraction B(f1(1285)→ e+e−) = (6.1+3.6−2.6)×10−9.
The significance of the e+e− → f1(1285) signal is 2.7σ. We consider this result as a first
10
indication of the process e+e− → f1(1285). The measured branching fraction agrees with
the theoretical prediction [7].
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